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Abstract: With the development of urban rail transit and the requirements of urban 
function, the subway station building complex mode retains important utility. 
While urbanization is advancing rapidly in China, the construction of rail 
transit is also advancing at an unprecedented speed, which also poses new 
challenges to the spatial design of urban rail transit buildings: on the one hand, 
the underground space in the metro station area often has low environmental 
quality, while on the other hand, transit buildings account for a large 
proportion of urban energy consumption, and performance-oriented 
sustainable design deserves attention. However, due to its complicated internal 
space and large flow of people, problems of space quality and comfort begin to 
emerge. As the space connecting urban railway traffic with building complexes 
in this type of integrated building, well spaces display the role of delivering 
air, light and heat within the space. Lying between external and interior 
environment, this space can utilize natural resources and the environment to 
adjust the indoor climatic environment and boost the quality of the space. 
However, well spaces in many urban subway station building complexes are 
confronted with such defects as inferior air quality, high wind speed and low-
comfort temperature. With five urban business complexes in large-scale rail 
transit junction stations in Beijing as an example, this research aims to conduct 
a comprehensive appraisal of the physical environment in well spaces during 
the coldest period in Beijing by assessing eight physical qualities, including air 
temperature, moisture, illuminance, carbon dioxide, PM2.5. PM10, HCHO 
and wind speed in each, gauging the physical environment of well spaces, and 
combining this with a questionnaire on satisfaction of people of different ages. 
As for issues arising from tests of the physical qualities and the questionnaire 
results, possible solutions for optimizing well spaces are proposed as a 
reference to optimize integrated design when combining urban railway transit 
and building complexes.  
1. RESEARCH BACKGROUND  
In the context of rapid developments of modern city railway traffic, and 
urban subway station building complexes, a mode combining traffic and 
property is gradually progressing. On the one hand, urban rail transit plays 
an increasingly more important role in meeting the travel needs of urban 
residents, greatly alleviating the traffic pressure of the city. On the other 
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hand, the total energy consumption of rail transit is increasing year by year, 
and the rapid growth of energy consumption has become an important 
problem to be urgently solved. Rail transit construction occupies a major 
proportion of urban energy consumption. The annual energy consumption of 
rail transit in some cities, such as Beijing and Shanghai, has reached more 
than 1 billion kWh, and the proportion of traction energy consumption and 
station energy consumption in the total energy consumption of operation has 
reached 50%, which directly threatens the sustainable development of the 
urban environment. In addition, in the use of underground space, natural 
lighting and ventilation effects are not good, and the throughput of human 
flow is high, resulting in an often lower environmental quality in 
underground metro station spaces, which directly affects the comfort of 
users and threatens their health. As a central node of a city’s traffic network, 
subway stations draw a myriad of people flows, while its accessibility to 
building complexes also brings vigour to regional economies (Liu, Pai, & 
Lin, 2018; Papa & Bertolini, 2015; Wey, Zhang, & Chang, 2016). These 
stations also propel sustainable development (Hung & Peng, 2018; Mo & 
Wang, 2014; Zhan et al., 2018) under the principle of intensive land 
utilization. Because of the high flows of people inside urban subway station 
building complexes, the thermal environment (Misni, Baird, & Allan, 2013) 
and air quality of its internal space are of importance to people’s health 
(Tian & Li, 2018). As intermediary rooms connecting railway traffic with 
building complexes, the passive design of well spaces displays a vital role in 
improving the indoor physical environment (J Li, 2016; Junjie Li et al., 
2015; Y. Li et al., 2017; Song et al., 2015) has been testing underground air 
defence space for six years and has put forward a thermal acceptable 
temperature range for underground space . In recent years, scholars have 
paid more attention to the health of users and have emphasized ventilated air 
quality, including particulate matter (PM) type, control and defence research 
(Qiao et al., 2015; Wang et al., 2016). Kim et al. (2015) proposed that 
ventilation systems could improve the PM10 level of platforms and reduce 
the energy consumption of ventilation. On the basis of theory and practice, 
as early as the ancient Romans, "well spaces" have been used to create a 
more comfortable living environment. The underground corridor is a very 
functional creation, and had utility as an air-cooling system in ancient Rome 
(Sullivan & Treib, 2002). In the practice of modern architecture, the design 
of the Shibuya Hikarie Urban Transportation Complex in Japan integrates 
the passive utilization relationship between railway station buildings and 
ground-level buildings and solves the lighting and ventilation problems of 
rail transit (Wu, Wang, & Lu, 2015). The utilization of light wells in 
underground space is highlighted in several renovations of the Les Halles 
area of Paris (Zhang & Zhou, 2014). 
2. RESEARCH METHODOLOGY  
This study deals with the actual performance of passive design strategies 
for transit building space in cold areas. Aiming at typical passive space 
design, well spaces as having an integrated design effect on transit buildings 
(mainly underground and ground-level space in urban metro station areas) is 
verified. A "well space" is a connection between the external and the 
internal environments of the building. They can utilize natural energy (such 
as wind energy, solar energy, rainwater) and the natural environment and 
have the function of adjusting the indoor microclimate environment and a 
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use passive technology strategies to improve the quality of the indoor 
environment. In transit buildings, especially in the above-ground and 
underground spaces of urban metro stations, well spaces will play an 
important role in passive regulation. They will optimize the comfort and 
user satisfaction of the indoor environment in regard to natural lighting, 
natural ventilation and passive cooling, as well as to greatly reduce the 
energy consumption of building operation. Starting from two aspects of the 
physical environment - comfort and users’ satisfaction level - in an effort to 
analyse issues besieging its internal space, this research conducted a one-
week long fieldwork test to investigate the well spaces of five urban railway 
transit building complexes in Beijing (Katavoutas, Assimakopoulos, & 
Asimakopoulos, 2016). Physical environment attributes included thermal 
environment, light environment, air quality and air speed environment 
(Fanger, 1988). Users’ satisfaction attributes included heat, moisture, light, 
air quality, air velocity, comfort, convenience of usage, maintenance of 
cleanliness, and overall satisfaction (Hummelgaard et al., 2007). On-site 
testing covers monitoring of both indoor and outdoor physical environments 
and a questionnaire on users’ satisfaction. The running time of the subway is 
from 6:00 a.m. to 10:00 p.m.. As the flow of people begins to dwindle after 
8:00 p.m., this fieldwork test was carried out between the hours of 6:00 a.m. 
and 8:00 p.m., covering two peak hours from 7:00 a.m. to 9:00 p.m. and 
from 5:00 p.m. to 7:00 p.m.. Monitoring of physical environment data was 
done at different times at entrances, mid-way along transit areas, at junctions 
between subways and buildings, in subway station halls and on platforms. 
Physical qualities were measured for temperature, moisture, illuminance, 
carbon dioxide, PM2.5, PM 10, HCHO and air velocity. Recording was 
done every five minutes. At the same time, instantaneous wind speed shifts 
on subway platforms were recorded with an observing frequency of three 
seconds and a cycle covering pulling-in, pulling over and departing of the 
subway trains. As people always remain in platform areas for a while, this 
investigation looks into their satisfaction with the physical environment, 
indoor quality and overall environmental quality of the platform. The logical 
framework is as follows in Figure 1.  
 
Figure 1. Logical Framework 
3. INVESTIGATION RESULTS 
Five major subway traffic business building complexes in Beijing were 
chosen for this investigation. They are Xizhimen Station (W1 station), 
Haidian Huangzhuang Station (W2 station), International Trade Station (W3 
station), Dawang Road Station (W4 station) and Wangfujing Station (W5 
station), all descending to underground transit hubs (Table 1，Figure 2). 
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The five stations cover Line 1, Line 2, Line 4, Line 10, Line 13 and Line 14, 
six main subway lines in Beijing. Xizhimen Station (W1 station) is the 
interchange station for Line 2, Line 4 and Line 13. It is to be connected to 
North Beijing Station that will be operational in 2019. The test was 
conducted in the coldest period of winter in Beijing from January 18, 2018 
to January 26, 2018 to study the physical environment in the well spaces. 
 
Table 1. Survey Object Information 
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Figure 2. Location of Five Subway Stations  
The research starts by drawing planar graphs of the five stations and 
geometric scale parameters of the well spaces (Figure 3). Three or four 
representative test points were chosen for each station. The test covered 17 
testing points. Xizhimen Station included three testing points. Tp1 was 
located in the middle of the ground-level glass connection corridor between 
the stations and was considered a middle well space. Tp4 and tp11 were also 
middle well space. Tp8 lay at the end of the connecting channel of the 
subway station and building complexes and were also middle well space. 
Tp3 and tp7 were entrance spaces connecting well spaces with business 
complexes. Tp2, tp5, tp10 and tp13 were entrance spaces connecting well 
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spaces to subway station halls. Tp6, tp9 and tp12 were testing points in 
subway station halls (Figure 1). Tp15 was at a platform in Haidian 
Huangzhan Station, tp16 was at a platform of the International Trade 
Station, tp17 was at a platform of Dawang Road Station, and tp18 was at a 
platform of  Wangfujing Station. 
 
Figure 3. Spatial plan of testing stations and spatial information parameters 
3.1 Result and analysis of physical environment tests 
Data for this investigation covers eight physical qualities (temperature, 
moisture, illuminance, speed of wind, PM2.5, PM10, HCHO and CO2) 
retrieved from each testing point. The average data for the test results is seen 
in Table 2, 3, 4 and 5. Following prevalent standards and norms of the 
country, the research defines a reference range for comfort as follows: 
temperature 16-28℃ (Ministry of Housing and Urban-Rural Development 
of China, 2014), moisture: 30%-60% (USGBC, n.d.), illuminance no less 
than 150lux (Ministry of Housing and Urban-Rural Development of China., 
2008), wind speed: indoors wind speed in winter:  v<0.15m/s, wind speed in 
summer v<0.25m/s, PM2.5: 75μg/m3 and PM10:150μg/m3 (according to the 
24-hour average concentration limits of the two grades listed in the national 
standard (Ministry of Housing and Urban-Rural Development., 2002), 
HCHO<0.08mg/m3 and CO2 density is no more than 1000ppm (ASHRAE, 
2013) 
102 IRSPSDA International, Vol.7 No.3 (2019),97-110   
 
3.1.1 Data analysis on well space testing points of all types 
Figure 4 to Figure 7 show box diagrams representing the physical 
environmental data in four types of well space. The translucent orange block 
shows where physical environments are beyond the range of comfort. 
In terms of thermal environment performance, except for tp11, the other 
three test points show low temperatures. It can be posited that tp11 is the 
transit room among the stations with the longest well space and highest flow 
of people that would ensure that its temperature does not exceed ‘low’. 
Winter in Beijing showed dry indoor spaces. Only tp1 reached a moisture 
level of 30% and fell out of the range of discomfort. This is likely because 
tp1 was located in an area with sunshine and the result can be ascribed to the 
particularity of the Xizhimen complex and its good connectivity to the 
outdoors. Tp8 showed minimum moisture at a trough of 5.9%. Dry air is the 
primary cause for surges of dust and floating particles, also enhancing the 
probability of dissemination of viruses. In regard to the lighting 
environment, only tp1 was exposed to natural light in the daytime and could 
reach national standards throughout the day. The remaining tp4, tp8 and 
tp11 showed insufficient exposure to light were lower than the national 
standard. All four places showed a density of carbon dioxide under 1000 
ppm and were all in alignment with national standards. In terms of the wind 
environment, tp1, tp4 and tp11 ran far beyond the national standard at 0.15 
m/s. In winter, wind in large well spaces would enhance the creeping chill 
and bring down levels of indoor comfort. However, the advantage in this 
was that it ensured ventilation and a reduction of density of carbon dioxide. 
The tp4 test point of Haidian Huangzhuang Station is affected by a high 
density of formaldehyde. In general, well spaces in the Beijing urban 
subway station building complexes were also besieged by such issues as 
inferior lighting environment, dry air and high wind speed. 

















PM2.5 PM10 HCHO CO2 
Xizhimen Tp1 8.5 30.0 485.4 0.408 32.5 45.5 0.01 585.0 
Haidian 
Huangzhuang 
Tp4 11.5 16.1 36.7 0.496 76.5 107.6 0.129 596.9 
International 
Trade 
Tp8 10.5 7.2 53.3 0.006 30.4 39.7 0.017 556.1 
Dawang Road Tp11 17.85 20.1 94.4 0.860 41.5 58.0 0.015 899.3 
 
Figure 4. Box diagram showing physical environment performance in middle well spaces 
 
Physical environment data of well spaces near building complex 
entrances can be seen in Figure 5. The testing data exposed that both 
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temperature and moisture were far lower than the range of comfort. Tp7 
shows a temperature of only 5.6℃. It also shows low luminance, especially 
at the tp3 test point which has an average luminance of 27.9 (lux), far lower 
than the national standard. The big difference between indoor and outdoor 
luminance would result in a longer time of visual adjustment for people 
when they move between the outdoor and indoor environments leading to 
potential safety risks. The PM2.5 of the tp3 testing point was slightly lower 
than the national standard. 
Generally speaking, entrances of well spaces near building complexes 
are mostly connected with the outdoor environment, which leads to poor 
thermal comfort levels and lighting environments, but the PM2.5 and carbon 
dioxide concentrations were still within the national standard. 
 



















PM10 HCHO CO2 
Haidian 
Huangzhuang 
Tp3 8.2 20.0 27.5 0.364 75.5 103.9 0.011 507.2 
International 
Trade 
Tp7 5.6 111 59.1 0.675 22.8 32.0 0.010 500.8 
 
Figure 5. Box diagram showing physical environment performance in entrances (connection 
to building complex) 
 
Physical environment test results in well space entrances near subways 
are shown in Figure 6. The temperature of the four test points was much 
lower than the comfort range (16-28℃), the lowest temperature of the day at 
tp10 test point of Dawang Road Station was only 3.3℃. At the same time, 
the four testing points were all beset by low moisture and insufficient light. 
Their wind speed also surpassed national standards for the indoors during 
winter times (<0.15m/s). The instantaneous wind speed for the tp10 testing 
point was 2.82 m/s at its maximum. At the same time, as it was lower than 
other testing points in temperature, users experienced intense chill. Due to 
high wind speed, four testing points at entrances near subway stations did 
not show high carbon dioxide, formaldehyde or PM10, but daily average 
values of PM2.5 at tp5 of Haidianhuangzhuang Station were slightly higher 
than the national standard.  
In general, due to the impact of strong piston action ventilation, the 
entrances of well spaces near subways have the problems of low 
temperature, high wind speed, low humidity and insufficient light, which 
may have adverse effects on people's health, but the overall concentrations 
of PM2.5, PM10, formaldehyde and carbon dioxide are were acceptable. 
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PM10 HCHO CO2 
Xizhimen Tp2 8.7 19.6 82.0 0.289 40.9 57.2 0.013 499.7 
Haidian 
Huangzhuang 
Tp5 7.9 20.3 32.1 0.758 76.1 106.5 0.009 462.9 
Dawang Road Tp10 7.1 14.9 117.2 1.267 33.8 47.2 0.011 529.4 
Wangfujing  Tp13 9.2 11.6 114.7 1.862 20.6 28.7 0.011 421.9 
 
Figure 6. Average value of physical indexes in well space entrances (Connection to subway) 
 
Testing points for station halls included testing point tp6 in the 
International Trade Station, tp9 in Dawang Road Station and tp12 in 
Wangfujing Station, all of which are along subway Line 1 of Beijing. As 
shown in Figure 7, the stations’ hall temperatures were far lower than the 
range of comfort and their moisture also falls far short. Its illuminance was 
slightly lower than the national standards. At the same time, high wind 
speed, far higher than national standards for the indoors during winter, are 
shown. Due to high wind speed, density of carbon dioxide and PM2.5 were 
both within the range of national standards. 
Overall, subway station halls were also greatly affected by piston action 
ventilation in the well space, and the problems of low temperature and 
humidity was relatively serious, but the air quality was still within the scope 
of national standards. 
 
























Tp6 6.6 11.4 220.3 1.078 22.8 31.9 0.019 531.7 
Dawang Road Tp9 8.3 17.3 383.7 1.187 36.8 51.5 0.012 617.7 
Wangfujing  Tp12 10.0 12.5 88.0 1.033 23.2 32.4 0.017 501.7 
 
In Table 6, the daily averages are shown for the physical environment of 
the platforms, which included testing stations tp15 at Haidian Huangzhuang 
Station, tp16 at International Trade Station, tp17 at Dawang Road Station 
and tp18 at Wangfujing Station. It can be seen that, similar to other test 
points in wellheads and well spaces, there are problems with low 
temperature, dry air (humidity less than 20%), and inadequate illumination, 
but the air quality performance was acceptable. The subjective evaluation of 
users for the station hall will be discussed in the next section. 
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Figure 7. Box diagram showing physical environment performance in station halls 
 
 













PM2.5 PM10 HCHO CO2 
Haidian Huangzhuang tp15 14.1 18.2 129.2 62.3 88.7 0.010 553.5 
International trade tp16 10.6 12.6 82.5 42.4 59.8 0.010 587.4 
Dawang Road tp17 11.7 12.6 133.1 74.2 103.8 0.019 522.8 
Wang Fujing tp18 9.4 18.5 139.3 48.9 68.5 0.010 489.1 
3.1.2 Change of physical quanlties with time and passenger flow 
3.1.2.1 Temperature 
The all-day temperature fluctuations at the test points in middle well 
spaces, well space entrances and station halls are shown in Figure 8. The 
temperature in the well spaces rose slowly throughout the day, and the 
fluctuation was relatively gentle compared with that in other wellhead and 
platform spaces, and overall the temperature was comparatively high. The 
temperature fluctuation in wellheads near shopping malls was bigger than 
that at other test points, and the temperature environment was worse, 
reaching a peak at 14:00 p.m.. A rule of the fluctuation rule at wellhead 
spaces near the subways was not obvious, but the temperature would drop 
during the peak time in the morning and evening. The test points in three 
station halls all reached a low peak at 10:00 a.m. and then gradually picked 
up. The all-day temperature fluctuations at five subway stations and 
outdoors are shown in Figure 9. The temperature of test points in Xizhimen 
Station and Haidianhuangzhuang Station are more affected by outdoor 
temperature than other subway stations. This is because the two test points 
of Xizhimen Station are more connected with the outdoors, which is a 
relatively half-outdoor space. The measured temperature of the International 
Trade Station and Wangfujing Station are slightly affected by the fluctuation 
of the outdoor temperature, while the temperature of Dawanglu Station has 
little correlation with the fluctuation of outdoor temperature. 
3.1.2.2 CO2 
The all-day fluctuation of carbon dioxide concentration at each test point 
is shown in Figure 10. The relatively evident characteristic is that the 
carbon dioxide concentration reached peak value at the peak of the 
pedestrian flow at 8:00 a.m. and a minor peak value could be reached at 
other points between 16:00 p.m. and 18:00 p.m., except for wellhead spaces 
near shopping malls, which illustrate that the concentration was significantly 
influenced by the passenger flow, the ventilation effect in well spaces was 
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not ideal for short periods of time. The concentration fluctuation over the 
rest of the day was comparatively mild. The carbon dioxide concentration 
outdoors is quite stable, ranging from 400ppm to 500ppm. The carbon 
dioxide concentration of test points in the five subway stations is higher than 
that in the outdoor for most of the time because of the large crowds and 
confined space. 
 
Figure 8.  Change of all-day temperature over time at each test point 
 
Xizhimen Station Haidianhuangzhuang Station 
Wangfujing Station 
International Trade Station Dawanglu Station 
 
Figure 9. Change of all-day temperature over time at each station 
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a) Testing points (in middle well spaces) b) Testing points (connection to stores) 
c) Testing point (connection to subways) d) Testing points (in station halls)  
Figure 10. Changing curve of CO2 density over time at each testing point 
3.1.3 Analysis of results of subjective questionnaire 
In order to improve the efficiency of research, spatial mapping, a 
subjective satisfaction survey and objective physical environment comfort 
survey were carried out. Because of the special use characteristics of the 
subway space, most of the respondents are people passing quickly and 
staying only for a short time, the connecting space often has a great change 
in the physical environment, which is greatly influenced by the user's mood 
and physical health. Therefore, the methods of subjective investigation are 
more diversified than previous studies.  
This study also conducted a questionnaire survey on users' subjective 
feelings on platform space. For ease of understanding the questionnaire, the 
response options were divided into grades, such as, seven grades for wind 
speed, "very low", "low", "somewhat low", "medium", "somewhat high", 
"high" and "very high". About 20 to 25 questionnaires were distributed in 
each subway platform space. There were 120 questionnaires in total, and 
105 valid ones were collected back. The questionnaires were issued to 
investigate the satisfaction of users with the physical environment of the 
platform space during the test interval on the day of the physical 
environment testing from January 18, 2018 to January 26, 2018. 
The result of the questionnaire is shown in Figure 11. In terms of wind 
perception, 60-80% of users at Xizhimen Station, International Trade 
Station and Wangfujing Station said the wind speed was moderate, while 
about 40% of users at Haidian Huangzhuang Station and Dawang Road 
Station stated the same opinion, and another 40% thought the wind speed 
was a little bit high, which was consistent with the wind speed test results. 
Each station has problems of high indoor wind speed, exceeding the comfort 
range. In respect of the thermal environment, 60-90% of users said the 
platform space was of a medium temperature, and 20-35% of them felt it 
was cold. In the aspect of air quality, 50-60% of the subjects at five stations 
expressed the air quality was medium or above, but 40% at Xizhimen 
Station thought it was bad. The subjects mostly represented satisfaction with 
the light. For noise, the test results showed that the platform space was a 
little bit noisy due to the entry and exit of trains, but the satisfaction with 
overall cleanliness and environment is relatively high. 
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Table 7. Questionnaire 
Temperature  
Very Dissatisfied      Neutral         Very Satisfied 
-3    -2     -1          0          1       2       3 
                                        
Humidity  















Figure 11. Data of subjective questionnaire 
4. CONCLUSION 
This paper selected the well spaces of five commercial building 
complexes of subway transit in Beijing to test their physical environment 
status and user satisfaction during the coldest period of winter. The result of 
this investigation, research, and analysis was an improvement in the indoor 
environment in terms of comfort and energy consumption. This work 
followed three key pathways. 
1) The objective data showed that the indoor space of subway transit 
building complexes was obviously affected by the outdoor weather in 
winter, and different levels of problems were found at each test point, such 
as temperature being lower than the comfort range of the human body, dry 
air, high wind speed and insufficient illumination, but the indoor air quality 
was mostly within the range of the national standard.  
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2) Over the whole day, the concentration of carbon dioxide affected by 
the passenger flow in the morning and evening peak periods, has one big 
and one other small peak, while the temperature is not significantly affected 
by the flow.  
3) Questionnaire data showed high dissatisfaction, with about 40% of 
the users in Haidianhuangzhuang Station feeling there was high wind speed 
and 35% of users in Wangfujing Station feeling it was cold. Moreover, 40% 
of users in Xizhimen Station expressed the air quality was terrible and 40% 
of all users thought it was quite noisy in the station hall. Though most were 
satisfied with the cleanliness, overall indexes of satisfaction of all stations 
expressed that only 6%-33% of users indicated positive perspectives, which 
demonstrate the urgency of improving the physical environment of the 
spaces. 
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